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The Highways and Byways of Teaching Ada:
Our Backyard Approach

BACKGROUND

The llinois Institute of Technology is a private, medium-sized, coeducational university,

which offers undergraduate and graduate programs through the Institute of Design and six

schools and colleges: the College of Engineering and Sciences; the College of Liberal Arts; the

College of Architecture; the School of Business; the College of Law and the Graduate School.

The 120-acre main campus is located about three miles south of Chicago's Loop. The Computer

Science Department is part of the College of Engineering and Sciences which offers Bachelor of

Science, Bachelor of Arts, Masters of Science, Masters of Science for Teachers, and Doctor of

Philosophy degrees. The curriculum is software centered, which is attractive to all types of

majors. Our platform of choice is the IBM PC. This makes our program more interesting to

students who have majors other than computer science. This accounts for our large number of

students, with majors other than computer science, who enroll in our courses. UT has an unique

situation in that we offer students an education through ITV (Interactive Instructional Television

Network). IITV is a five, talk-back television system that enables participating companies to offer

fiT's educational programs to their employees at their places of business. The network links

classroom-studios on campus with receiving classrooms at industrial and business locations so

that employee-students can join HT day and evening classes without traveling to campus.

WHY USE ADA

Ada is a modem language, for modem students that solve modem problems. Ada was

designed to be a language that promotes the goals of modem software engineering. It promotes



modifiability, efficiency, reliability, and understandability. Ada was also designed to support the

principles of modern software engineering. It promotes data abstraction, information hiding

modularity, localization, uniformity, completeness and confirmability. Ada's original design chose

program readability over ease of writing. This attribute promotes code understandability, which

helps prevent erroneous and error-prone programs. The Ada language supports separate

compilation units. This helps in program development and maintenance, which is helpful when

developing large, complex software engineering projects. Given all the underlying features of

Ada, it is apparent that Ada is an excellent language to use when teaching students the principles

of computer science.

OUR APPROACH TO INTEGRATING ADA

When we were first contemplating integrating Ada into our curriculum, we asked

ourselves the question, "Why is Ada not already integrated?". We came to the conclusion that

one, the students and faculty had very little to no exposure or awareness of Ada. Two, the DoD

and DoD related industries are very limited in our area. Even though Ada is not just limited to the

DoD, our students would have little interest in learning Ada, if they could not apply it. Three,

Ada is very rich in its syntax, but our curriculum in the past has favored simpler languages like C,

Pascal, Lisp/Scheme which are thought to be "easier to learn". Four; A large population of our

international students end up returning to there native countries. Most of these countries have

little or no use for Ada, which makes learning Ada unattractive. We consider this a backyard

approach". There is no real reason for us to teach Ada, except we realize the capabilities and

powerful features that Ada possesses. Because we are not in the "mainstream" Ada community,
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the acceptance of this becomes difficult. We are presented with the questions "Where do we

integrate Ada into are curriculum?" and "How can this be done given our current curriculum?o.

WHERE AND HOW TO INTEGRATE ADA

At first we thought of integrating Ada in our entry level courses. This seems to work well

for other Universities, but at UT we felt that to incorporate the more advanced and best features

that Ada has to offer, we would need to integrate Ada at higher level. We based this on the fact

that most first year students are unfamiliar with the rigors of software development, and would

therefor under utilize its features and richness. Our curriculum is developed in small increments

due to the accrediting concerns, so a major change would set us back. Our second choice was to

develop a new sequence of software engineering courses around Ada. This was a better idea, but

our undergraduate curriculum is fll and adding a new sequence might not attract the interest we

would need to maintain the courses. This idea also moves away from our objective of integrating

Ada. This idea would isolate Ada rather than integrating it. We finally came to the conclusion

that the best way for lIT to integrate Ada was to put it into our existing, and popular (i.e.

required) mainstream upper-division courses. We based this decision with the following things in

mind. This implementation does not require a "special audience". Our students, once at the

junior or senior level, will be able to flly appreciate the richness of Ada. Also, there is a good

probability that Ada would migrate into more of our curriculum.

ACCOMPLISHMENTS
Identification and Acquisition of Resources.

" Substantial resources via FTP on Internet (code, documentation, etc.).

" Ada Tutor - shareware; copies are available and distributed to students.

" LearnAda, by AETech, which is a tutoring system and Ada compiler available to
students on the IT PCs
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" A comprehensive manual "Getting Started With Ada" for the AETech software which
includes the ANSI/MIL-STD-1815A Ada Reference Manual.

" Additional Ada literature developed by the Teaching Assistants which has helped
support course development and Ada integration.

" We have hired and additional part-time instructor to teach Ada.

" A 16 week Ada course available on video tape (VHS format).

COURSE DESCRIPTION OF CLASSES THAT INCORPORATE ADA

CS440: Programming Languages and Translators.

This course is a general introduction to theory and structure of languages. It covers

several programming paradigms (imperative, declarative, object-oriented, functional, etc.) There

has been a substantial amount of material added regarding Ada, especially:

rich syntax
generics
types and type checking
overloading
proposed Ada9X features

The integration is included in the lecture material, homework and class exercises, examination

topics and questions.

CS450: Operating Systems.

This a standard undergraduate course on operating systems. Its topics include CPU

scheduling, process management, memory management, file systems, multitasking, conwirency,

synchronization, security, etc. Ada is now the base language for this course. This is, of course,

especially important because of the Ada tasking model. Materials developed include examples in
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lecture, exercises, and examination materials. Students are strongly encouraged to submit

programming assignments in Ada (although, for symmetry with our other courses, a choice of

languages is provided).

CS495: Safety Critical Software Engineering With Ada.

This course provides an in-depth examination of the principles behind development of

software intended for use in critical situations. Such situations include air-traffic control, medical

applications, defense weaponry, space exploration, etc. This course also emphasizes testing,

maintenance and reusability of code. Ada is the only language used in this course. Extensive

programming experience in Ada, emphasizing more advanced features, is provided.

CS545: Concurrent Programming.

This is a graduate course, but it is available to undergraduates with an advisors approval.

Intensive examination and comparison of the various language testing models and there richness

of support for concurrency, especially in real-time systems. Ada is the base language for this

course, and extensive programming experience in Ada is provided. Ada9X issues are also

explored including protected types, asynchronous transfer of control, mutual control, race

conditions, etc.
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CONCLUSION

We believe that our approach is fairly novel. We have not tried to duplicate efforts of

other educators to develop CS I or CS2 courses based on Ada. We have not tried to develop and

"Ada Track" of courses. Instead, we are integrating Ada into the very core of our undergraduate

curriculum, where Ada can be used to its fWllest potential. By implementing this "backyard"

approach to teaching Ada, we have been able to break the trend of other successful institutions by

implementing Ada at a higher level. We have been able to take advantage of all the features that

Ada has to offer, from the most basic to the most advanced. By doing this, we are able to teach

modem day concepts, using a modem day language, in the comfort of our own backyard.
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APPENDIX A

CS450 OPERATING SYSTEMS COUJRSE

SYLLABUS AND ADA LECTURE NOTES

A-1



Texbook

AbrAmw Simimcbsu. ha L Paw*^am Pdw a. Oa"
'OPffting S~dm CWWpb, MAa..DWsukY, Uakd edtO&W 1"91. Put 1. ChqAps 1, 2 and3

Referecm

M A&w S. Tananm
Nhodarm opninag s).me. huiaHaU 199Z Panl 1. *Aapwa I

Ca.wuuW SyVaau- An Iatguald Appomeb to Oprabo Sdm Databuam. and DWlhsis S0mu Addism-Waley. 9
Caaps 1(1.1. 1, 1. 1.3) ad Chqsa 3 (3.2-3.5)

0~ To pemt oranizatio thacain
(0 To mvwiw hialoy md e@bali oft coyfW md operiitgym
CD TO ev"h~ mm DAM at*$ rating "Sum
0D To &monm oauysw sm *ucwzn
0D TO am=n Oping OA= wudIns

Content

(D contam of" mosng

0D Flialy. Ewh'ontia andmoophy of Oerating Sitew (3 horn)



Lecwe One

Organization of the Cours

0 COuASS Sy~hbu (eumpls aths qpmx)
0 Ovuriow of the Coume Matmiu
0 Overview ofte That LAMM

History and Evohluon of Opertil Sytem

(D FifamoWream (1945.1955)
Vamum Tube ad fthgromd
FAtinm A*s digitl cW -Caue; Bames (1792 -1371) (imaaoml)
lowi AWAO Obud wd vmy JOs VOD NaJumam (Prinato Uafit) J. hpr cmat and WUam

maucbhy (Ufivurey of? uNM v)M K~ourad Zum (Ormany) Ad MCCONeeded bIAf MbcdW Mahon vans
waomen uihn

0 dow

0D Saclike WWPbloeita h eabaSui
0W* W*0 ueuem 1-1ega d dumimy haas(asho)

0oveating si. ahme 1
0 mods of opaitso upor a bocafinr
0 fio0dW0 ofpunAed M&n WNWa ofplugboard (1950)o Second genation (1955- 196)

Tramslaor and heidi syama
0off-line opeation
0batch symom

Q) courol card - modern XCL and commn bareteva
m quamidl program ( dw aoior of todas operating sztn) (Fotrnm Manitor Sytem - FM amw IUsys on

7094)
0 Thirdgeneatioo(1965.1980)

Sinailm ugeaw chuib and nmkrpuaany
0 geneal pup.. auddea

0ninircrnunavaljobammeuxaosyw dyfivexuom
0 tinw~aain vuriia of m agroanning (CTSS - MrT, muLics - MULrpleird InWmatio and

-Ape S~n
0buffaemy; oiulappinS Ihe VO ofa job iilb own conuputai ( 110bound and CPUhod jobs)
0 OW aolm(Sinaalneor Peripera Opaation On LOnW) oam pqogaz mi&l have been macubin uible
I/O occuwfed fr otherjobs

0 Fourth Gemaiom(1930.1990)
PerSOal CopAutns

0 LScirculb
0 workaaiors
Q) higbly WdImCtiVe coniputi power with excellent Paphim and smer-oenly sow., (MS-DOS OMPZ

UNDO
Q) nework ad &wftrbaie praing sntea

Traditional Opelrating Syjtmm
Inthe Pad mat ompue ran Atandaom and oat operaing symem we dealpdtoe m ,U n. a ige roe
Ceutjzed aydnm: singl CPU, lb nmmoy, puerba and some tamsina

D~mUPAOposting Sydows
Compnyir may be netwoukedtodw. smoking didtibuted opmating mstm mor inywla
In mid 1930t

0 deveopred ofpoWeUM noo~om
0 deveqmua dofhigeed 100l ame atwouks (LAN*)

RaaIL lap mmber ofCM~a comud by a Mgqeed@Wnawok
Need for radicelydIfM fut, dwre

Ommtivtio
(DPaks
Q)advatages
0 diadvgam

Modern oyur: on rmrepouT main momy. dcd. tNnminak drks mewawk idarboes ad othe LVOdeviod
(9 tigiy-cupled symm; m - doeae imooy ad a dock
0 loseey-ooupled nows: each jmeoba lb o may

Ral-Tin. paesing Syatau
Preceasing man be done w"U~ th dd ouai

2



LAtur One

Computci System Stuum"
CD oiwu amatr N m bUuu r ti teCPU oin~ol ay wuibg

Multragom in hM ftn . ovurtop 4)CIPW nd 1 operatiom 0 mobaaumn amedd to a&How symcbroeizti~m oeratmo 0
tim iertin~ i

0D polin
0D vewna uerns

IS Main Memory
of POSSUM rM t, 01 wft Masoes I OErdu

1/0 Devices

Figste 11. Exampl ofth dwlermpt-driven dat bumter

0D diredt-aouy-ces (DMA) data transfer
Duringthe ransfer the disk ooruolkr is traisfaing dat o, or Born memayty athe sansme as wthe poc as fdching
mxtrucdam from mmory and reading and witing data opand a memory. The memory oaollor nun tha only one of
them am onu mamking amemory access. The disk controller my amm memory bet'we in innmngi Rch, and a data
acor ulici v;part ofibe iatnado ejecutjon dim a calle cycle, do&&i DMA slows dm the rate at whicls the pocemor

DMA CatOler

to (or Ocen) ik vMa buffr
liam (otO)memory
&kedtj (no istveetion by the CPU).

One hganqil per block



LeU One

b~amw~w muu. saw" u

m o s I M

- ~ s LL DMA _ _ __I-_

Futi a wayt W AMrouanunht ftc. SO. COIN*ei oldt ie h*dM*
To puta layer of softwva on "a oldie bar biwaw to muisgA al Outs O WNi sy w d pro" t u m w~a an iefaf

" vkWua rnudiia "is as ae so ---d'g-Ad sd propumn

Keep Vak of may YO requs a te Mrix thm

Devke-Slat T"~ with ReIes L"a

0System canl (ecu-)
PAL40 Mq~dinto die fwquest(08)
Igawn-awm to me oldiepon(06)

0 Cownisics (ops.m)
0 higmqit(&vie -mwin)

Ideft*Y tie sove (011)
[odes Devicpen Ta"l (read or modify j hea*y) (OS)
Ifddsis Canylia

llesaO Servie Roamn (OS)
Sina nwjob Ooraw Edli (ifasy) (06)
Ritie Conol to one oldie prop (06)

0 Coawiiosme ow iou-m)

4



Lcture One

Dual Mode OtO

OWS Gfdal mmm uO

0! bma~d robhm
W,.. MjoW =Mi be sIvumly &MOW

.by wv.n (mail ca 0 &Wa...)

0 momiat (94mubi. ridam) 1006
Tr at whimpt

um 010 * sob Mode
Aft GW0 b i f g. 0ab balm~

mullr usa SMu us
gems SE ~ w Psii Nis gI* won maloch

... .. ....... .. ... .. .. ...



LAUro One

lysim oath- may be umi Om hb44d bomp

0 /0Uhuctio

0 tope. ~a~s oof dMwrohnauhooml bos - fiuda" dock MAOWA 08n OS womwu 0 dock

0 twm..iurh- 00

Obek

Operating-System Services

0 06 9rovid Mzw for fw .. motioo ofE. 1reu
G snvios may Viny
0 'Amip's m
0 Rwy om
0 TuMWi$(aMWIY Or &WbMSrafY)
0 10 qodia
0 credoa.
0 Dedf OW
0 Red il
0 Wfib oh

0 proc... an the Sami conyate
0 flywei n ow rodamnauyrd

0 Bymu~mawepaym

0 n rpraeom

0 Rowaminallaom
Q) Acowndog

system Calls

0 Fde Maaipubift
0 Device ni~aztion
0 hInnutiounwmilmacei

System Progams

0 Sumtiadciuaaim
0 File modifieao
Q0 horumig- mpap awpont
0 Pep Imft d dmaion
Q0 Comaiom
Q) Anpicdioft

6



Ltf Olk

Operaing System Sonureu

Hug. "m 0 designpres pw~ihimg w mallr pieces 0 cuwify dined impi. mqsg, flauth
weero m mpmg

Plow s mots atity

Systm adow pm..
brew CPU I ssamsy, fim IVO do, i.
Futecdo 1. Ca" (as") of# pm..

2. Sagai= (rnAMics) Gfd Ph 01o
3.-NWk
4. Cec tcalm

Mb aamoy is a lar. smy stweede orbylu adbuealfend quickly accema

Ddachb Cycle .sda a wiles dds

Fiuiwdm: 1. Bookkepin (whi is wed and by ViAM)
2. Who wiN be loaded iwo, available spaew
3. Aflocata n deallocate memory space

FWnctweez: I. Free-qace management
2. S~orp Dcsia
3. Dis sd iig

Fwfm i. Bhnbingruss
2. Omuuld device dMu. aftface
3. Itivufoepacific hndws- drviom

0D Filemsuwmmfl

Fomdions: 1. Creation (dileios) afle sod diewtoies
2. Pricetives for di. muaipulation offine and &eiories
3. Mapping film into seconry Storer

hotatin"vim4. Backup on table stonage mos

CD Ptomlicn s)*m

Contollig accmto ramvaa byst.. ofspeciflcation,
CD Courollh acm to resurcs by mem ofarrneut
Netwkn

DiluW ytons~. dos adt diae socay or dckd
Fuinctions: 1. Rnsthg and connection srategies

2. Cosatim and manlW

peat dlfbS kerne (DOS) or namingS adieujob is initiated



LActww TWO

Textbook

Abrohm SdawuAbt lama L Pianan. Mv R G"~b
tmOpmamgSyganCawqW.AMim-Wahky *d idcs. MI.1 Put 2.VChiw 4(4.1.4.2)

Rdceaea=

0D Aa&.w S. Twwbes
"Maim Opualhg Syimem, PradeeKI M92. Put 1. Cep"v 2 (2.1)

'Con~vu Sy~ - An bmu~pd A9,rae t.o Cw~ 8pim Diahan ad D~bwed Uydmm' Adioa.Wuey, IM.

Gods

(!) To puw t ONeR unt I~ ac
0D TOSoxees ofut- - - tid

0 To duct. ad eapbbpme I i ode
CDTo dew. sakiim seed iun qerijC q

CDTaik aid Pocie (3 bwm)
0D P concq

CD ilmutatim of hocmm



Provew Concept

ed ese - (Jbbd-w~

&cbv sm 0 prusm in eama (wih a palm *maw qwcdt~* 6is aon imudml tomaAS)

dds mai (0"h vedww )

Debad by tom r kum am mby &@ lccuh. a ubk is u mu~

CD a..Proomm

0D CPUcmmd Icn

0CD IIObm I Ies
omoim at& aprum my pcum inya ial fbaim

- r dSlowing ac mu i eme
CD rsowa din (*"sia Oed Iical)
0D crnmubfim Vpuia (if di. wre .uhide procesiag clumala)
0D modaity

cmm affem or be afeacWe by the adin procas. eeA i the qlam
0D smat is ait dive
0D daiimfic ewmics (dapaad moly oil *Ka)
CD reprouible aeUjo.
Q) cm be foppe d auled (OA Ml uda)

CD cooperathwcur
=sa affctcbe ffdhyfmAo -,i cezmioglat yim

Od am is ,are
Q) rem is uqredidabl (dapemimon reladw v eeaiom anpesce)
CD 800dnisiaic e2Ssaim

0D beavy'wi4* pw (id with ametivd - UNIX
CDli~atei#At poemaz (td& - basi mdi a(CU sAtilia)

tw is um asviramui in s4"c dmsa& ----a
*reads dave: &ode

Oaddimesapac
~OM ewmacI= Veqaw- coa saiin

dreas amc: Oregifle spae

lbw eztmmv diuw moa CPU swildalg aea pay dmead md &ea& meaims meqe
llre.m be appondby-

CD Kamd -ea Otayaa" cads (mdi 012)
CD Above arn kre- ad oflbry =b ato ussw lkWe (Ame)



amur Two

kwmrAA aumv

4 Agw v1 EwmA"m 6t ;A xm qmin

36 e 4a



Lcture TWO

Process Model

n&Amin C U UN instnclo arabugkxse

Implementation m ofPose

HOL Jobtatex

CD rovm cur (PC

CD scsdelng iforntfor

fagst. umLePmw StotaMo.

accou ying itingoesapeta
CPurvin 0 sed. n ebin xne

Imleenato o Prossme..

Data



Lecure TWO

0 Vo 0Aur dnerotiam

110 devices allocated to daie pvo
lid graven fim..

0D ideaitey of dM=e pro..

0 EXAMPL - some clfne -m coes &id6 preseted in UNIX

hrm. mouasm Memory manAmm" Vale man
Resume Power to te aw n" TLASK -e&
Prcuam cemekPi. to data serumsa Rout dietory
Prcumoom.word Poi~uto bou ewn Wasrcill dkiooy
S"d poer Exit doan File -m~k
Pro, dame Signa dotn Efscfliw id
rone whom pr . darted P1o. ii Effective old
CPU ti.. us Paoa proem. Sym CAl pwmeu
aail"as CPU tint.e PIos rowp Variou flag bibm
Tome olmed alam Redi uid
mmwmu anpoiter Effective said
Pandingsaipobim Real Sid
Proc. Wd Effive gid
Variou flag bits Bit amp for Salsu

Various flag bib

E XAMPLE - hish-level languag (Ada) description oiltng proces desaiptorWUU

typ STATE Is (SUBMIT. HOWD, READY, RUNNING, WAITING, COMPLETE);
type DURATION Is mw REAL
type ADDRESS I aeen LONG INTEGER,
type PCB bi

record
- proomumas-
PROCESSD 1D ITEGER;.
PROCESS-STATE: STATE;
PC: WOQDITEGER:
ACC: LOHNlTEGER;.
- and atora
SP: ADDRESS;
MESS-QUEUE: ADDRESS;
CPU TIME: DURATION;
-de

- meor mmaomat
lV(TSEGO ADDRESS;
DATA -SEO, ADDRESS;

-file manaemet
ROOTDIR: SrRING(I..256);
WORKDR:STRING(I..236);
FD: ADDRESS;
- ec

end reterdk

O The procedare ofsaving the lask of& proces and seting up the mut ofanoda.r is called cmuteat swetbtg. The intutioind an w
execued in perfonning theme operatim and the frespnency at whaich contet xwidng' Ipe -moma overhead at the lowel lve of

Fumm
Q) The creation and duetaofproes

M pro aced=ato
via soloot OS creado new processes fbr &job
via creakprocenrymoms all (dynasmically Airing the executon oipr- oe)(NI~fork)

D "geaing Processes: -um
0 creatdi p -~u ein t (UNIX. copy of the addris ye.m cithe poust)

dWikm may crawe their cbil~u
reamree: inherited fvon parse or directly fiva. 060 overloading
executon: parse cosactmesdy with children or poad wait mtil Acl dren teuuata

0 proem sanimation
via Ainom aiM vmcs sym cal (aftr the led olemen)

0 eundata to pored proco.
M ak OS to delete pro.
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edud iMawofrumam
tmk auiums to is &Wa is so laW r*qWkd
poa u m~md 0 cawadog tawinam ingaa by Aw 06 (vsialy cha&wm c~

me -pn fiamu)

aft o(d hiwm . .....
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Lemn Three

Textbook

Abrahami Sdhbuii@ Janus L Pdacm. Pder B. Gaivo
"Operaing SYwMM CouCept. M"SOOMWuhY. tird ediiM 1"91. Paut 2, Clupor 5(S.1I- S.4)

Refcrences

M) Aa~w S. Tanmebam
Vodua Operat S~We~, hriweHail 1992 Padl 1p. a 2(2.2.1 -2.2.3)

CTAirrefl Sywem - An hiaetd Appiosch to Oprting S)*uu, Datbsm, mid D~Asidd AtminMmnWadgy IM3
CW= 7,9

0) NraObuni
Ada- Cmmwrat PrrawmW, SiMOM Press 1"91. Chape 2

Goals

0) To dowWhib-vsl %@psg ipo tVPtIO WtOe casAp eProes
CD To at the FOAihE dthe wwmawf a"d q&*aQMiam OtoogMira awtviti.
CD To aalyze art*~d propmaai g asogm to doe criMi~ea8a problem
0) To &aus hardware wppotfor synizebio

Content

(D Taskiag aW Procaae(Ihour)
(D L&naag System Supwot for Ccw~aacy

0D Process Coordinatio and Srwhwanzaton (2 hour)
(D 11w Cnibcal-Seiclw Problem

CD Syinchronizatio Hm*ae
CD Scmaphor



LACcUM Thre

Language System Support for Concurrency

0D Concurrent systemse built from sequential progersin with system calls
'Ea unit of the concurrait rystern my be a singe sequential process and the operating system my provide xyateve cal to Aw
tataractiea wvth other processe Wn additio to system calls for requesin operating systm sevic. *A ajo problem with the
approach is portability of Oe concurrnt system. The processes have made use cdan operat systemn inte&W (a nmbcer of eyem
calls) that has been provided to allow interactions between processes. If the system is to be abl to no on amy othier operat sydev
it a necessay for te sam interfa to be present. Syntactic diffvrnce con be allowed for when then code is ported best smntc
differences between operatin sytenms are lely to ocur W, this ma.' Jan Bacon. 'Conuring Sydems - An lategale Approach
to Operat sysems, Database, ad Distributed Systee. Addison-Wesley. 1"93. p. 166

0D Coroutin ( Mocbjla-2. DCFL)-needn suporm with a sigl WVa
CD sharedda"

CDprivae data (OUR A&*)
Dinstructioue to ate and delete a coros

0D inatacton to wqapend coroutine execution temporarily but retain its state
0D instruction to pass cc.wol explcid fivom the suspending coroutine to another

(D coroutine activatime ustbe schieduled at the user-levl
(D gingaedread ofcI IR,

CD no possibility for immediate response ~
CD transfer of control betwee coroutmcivainnoleew ~feoeha

CD anguage-level Processes (Concurret Pascal, occam)
like coroutines, covtrol is managed by an outside agency

Q) Operating sysem supports one process for one program: The processes within dhe program are managed internally by Soe
language runtimne system which effectively re-implements a process scheduler. The application propnm does no have to
program the transfer of control between the language-level processes, Problem if language-level. process makes a srem call to
the OS to do VO and bcesblocked then no other subprocess in dhe programn can run.

Q) Operating sysem recogiizes subprocesses defined in a pogram They become operating system, processes (and may be called
treads) and are scuodded by the operating system to rim on processors concmffadty.

CD Ada Tasking Model
Tasks become active just prior to the first executable staternert fdlowing, the declarations in an umpecified order. Tack is completed
after the execution of its body or if the exception is raised for which a hander hat not been jroidod. A task terminates if it
execution is completed and all its dependent tasks have terminated, or if it is waiting at a 6winsoe alternative and all of its
dependnt tasks have terminated, there ae no outstanding entry calls, its master has completed execution, all dependent tasks ofthe
masut have either terminated or ame waiting at a termhnate alternative.
Q) Task specification

task Jiyme identifier I b
ua" declaratious
(representation clauses) 0 associating interiupts with entry calls

evi idetifier 1;
(D Task body

task body identifier b
declaration

exception handlers
sad idnife

0D Entry declarsie
Reedczvous: matching; accept statements
Associated with each entry d a task is a lueue where all newly arriving entry calls wre ineted and accepted by Ohe
tatk in FIFO order.
11111y siual; i synichronization
e0117 aeKP: Is duration);
entry read(C: oft dharaeter
ety request(lD)(D: in out data): U &amil of atries; ID is discrete type: JDFIRS.. DYLAsT

accept sivali
accept seKT: la duration) do

period.- T;

accept rnquei(ID)D: In out data) do
- statements

end reclooei

2



(D FjAWY oh
cafta talk bli Al d le waiting (at ad to be accepted md fr *at Azadoo ofrmimve

duk"rapa(4Xxk

stud. aadtimem"aimmiw

I "bo coaia -> j ahussfve

Aadwn aiUaiwa hv codm Aliffe Muhgb

I ds,; [imaia

Procass coorduntiolk anm Syncbrouit

(D Potential comntor exacuion of
0D opersutn £rn pocese

C room mmkoiztion,
F 0occe communication

CDExample at th potentially coanm prograns PratiamCmnnw Class of Prolene
C)Apilal -proomreus mAmtaionthat as nasued by a camin mroes To allow caewaasxectian haftar a

be created to be filed by dw producer ad emptied by the comannsr. Buffer my be unbotuded or boed.

sabbler obag md loader

CDErroan solution ofte bowmdedhuflor prothacf4onsmar problern

procedure PRODUCER-CONSUMER 6
N: cemimut DiTEGER rmg 0..1 :- 1000-
L .-: INTEER 1mige 0..N-1
COUNTEL INTEER:-0.
- dared varibl fortwo tabk - niafly exclusive acc= is necanmy!

BUFFEL amy (INTEER rouge O..N-1) of ITEM
- a)Iadffmized seem is noccmy!

M*f PRODUCEP,
too bdy PRODUCER ft

PRODUCE(NDCI?)
uwe COUNTER - N hop s~. ad loop
- sysnronization comoot prothme itm H~b is duE
BUFFEUI)- NEXM1?
I:- (I + 1) Need ,
COUNTER:-- COUJNTER + 1;
- iwithout ual ~uisinlonv u cg eu

mi-oy
abd PRODUCEkR

t"CONSUMER,

NEXC: rrW-

3



- shrzt.ioame c onuesm kine itbuffw is sqy
NEXTC : B1FFER(O);
0:- (O+ 1) med N;
cOIJNTER:- COJNFER 1;
- "tIhat a1m .ubut proas is ruos

adbp
ad O3NSUMER;

aod PRODUCERPONSUMMR

Mic Crfa-ck Problm

Acria median is a seiacds in Wbid puas maybe dem agm a. -weiubls. A akA. oes pua oli = ydd*

ibm only Sons proesse dot we to comuing in dir reammadur setceam partiipatein dw deciin to wbicb aiD me
its criW cal ~od . and daiselecta.ion- be p m q , indedfihnitly." A. Silacbmtz, I.L Pdarv., P.M
GaOmvaOprsin Sytans CanoWIa, thir sduifia, Adison-Wesley 1990, p. 134

Sboundedwatin

0D Ffru solution, (Wrnos)

pocedure ALGORffmMI Is
TURN: InTAME rag. 0.A :-- -

task body PO b

whle TURN <>O "~ amf nAloop

- fada. cto

takboPi b

whl UN <> I" siftad op
- cltial uada.

TURN:- 0,
- iadhwuada.

and AwOORnI;

The Ci.ub MUISM whd 600. ad 11IF mt3po! r**W=N
1. 7URNikfi&Bay
2. Tadi !0 adec and evift it ciicul media and nom T N %o 1
3. Tai P% is himma in its rmsadmr mdian
4. Teak PI siu.. and ahditsh ailim meuam va TURN toO0, asen and 62dm be reaidu section and l, s t itsk acri

Sectionspa
S. TadiP. hu towdaitato-&PO isin is rensidor muionbecome IR RN is

4



LaeThres

pwocedu ALCORfl1O4 bo
FLAG- awq (DnEE romp 0.1) .18001-SAN.: (FALSE. FALSE);

Sbe yF~

hop
FLAO) -TRUE,
umeFIAG~hl " "MA hos

- aia odim
FLAC(0) - FALSE;

Imkfl;
to body M! t

low
FLA03(l).-TRUE;
wif FIAG(0) hoop wt cod hop

FLAG(1) :- FALSE;-

end o

mad ALGORrnIM2;

Timexebomt inqii uhi my had to hi.&ifo loping of teas Po and P, ma thir rpeiewhwe mmir
1.Ted Po is Wtnoied after aen TRUE to FLAO(0)

2. Tok P1 as hamuAsi faipigTRUttFAO(1)
3. Bath tadsmyl 'oednowbu dwhy will mnimly loop wd hiwlen asanm

0Third soltica
procedure ALGORITHM t

TUYRN: INTEGER rmpe 0..1 :- 0;
FLAG: arry (INTEGER rang 0..1) of BOOLEAN4:- (FALSE, FALSE);

taik body PO bo
be*h

bpFLAO):- TRWE;
TURN -- 1,
whdn (FAG(l) mad TURN -1) walk~ mi Imp

- edg ecto
FLAO(0) :-FALSE;

-nmdbum

ft body? PI
bogh

hop
FLAG(l) - TRUE,
TURtN:- 0.
w& (FAG(0) and TURN - 0) Imp al;md hoop

FIAO(l) : FALSE,

ma hopaba
maddPI



bUffth

ad ALaoRflHW,3

Sy 0and Huft

DWV Wiayimup

aw

wuis) orV~s): u~b a @0 hIM m m h 19 a- a 1; (.mWr widsod baywii

F1:: ks (4 V$):

sigaaIra"u*
P2:: vWaij(sbw*

() amiual exduion
loop

- MAW sedi

CDadvauap
avoid hey waulfg pIc- Mocim .wVO waktigqw paaa ociated wide semapho (POWiy LIFO * 0mvaiam)

Q) rdy to uian mpOUUUD'
(D ddloA

Q) ood"hi
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Lecture Four

Tcxta

Ahrahu SihWOMi. 3wm. L Purina. Puar R. 0u"
X*puitg SYim CaMmp. Miwm.W~Y. #'d@4 aiaM. 9 Put2, bS~(S.S. 5.7)

0 Aah&W S. TMW&ba
"Mad. Opuadog Syum, Ptudiw.HuU. M92, P.M 1. ChIw 2(2.2.- 2.2.9.2.3)

0 haDsum
"CaMMMO Sy - An hinwMsd Apra@* to Opaus Syim% Duabm. mi Duindlyim", Adda.Wsfny 199M

Chopimf 10 -12.14

Goals

0 To malymm gahha I g It dm*AIcal almi dyidz

0 To&mmph4' CfIPC
0 TO amm =d CnD" atammolg

0 Proce. CaardiwIo mad Syockmmiatia (2 howi)
0 Chacal Prtlwat 0Syncudraiou
0 Lanpags Cmimnid and haqroom Ccnuimamcadm

O 'dmekdi (I bowr)
(Dcmet



lvctmr Four

Cbasical Probem of mycrs~zt

u* Ms33uFX

pncs~w ROXEOME h

mbd 1RO0JER

%a d1 ONWJMf b

-OBUEQcrc)

.d CONSUMER

UABFFEINO h
4"by FKM(X h ITEM
M67 OVTQL .0 nE*

bwiyUFFERINOb
N:amm . OmOER rinseO.. :- look
1. O-INTEGER impO0Nl I

pAjFFER a ?ONTKE rmg O-N-) 1) oflnmt

ubmi
uhuw COUNTER < N ->

accep K=rc IN ITEMI) d9

COUNTER:- COUNTER +. 1;

ubm. COUNTER > 0 -
WO OET(X eat IEM) do

X. B UFFMROX

:- (o +1) owd N;
COUNTER: COUNTER-i1;

mi BUFFERD4,

mi PROwUS-ONMUMM

t3 Ad, 9X ,oian(S. Tudw T& -Ads9X- ATednicl SUWMR?, CACK NoVinW 19A2 VOL.35, No' It)

OWF hESLUMBJYP 6 P*ves
gus MIhIIOX)KG b
yp IkESAOE_.ARRAY b uymy(POflvz rnPe 'c) OfM USAE5WI

prsibftd typ )tAajLOX(SIZE: NATURAL) b
t.. c(flf -uNAUAL

-ftDWgqRD L"
ay FPhI(MESSAOU: is MES&409_TYFE
moy E(MESSAOM eW MESSAGBJYME

2



Lactui Four

cuRRENT-coJNT: NATURAL:-0

PUT UM foorvSIE:- ;
ml u300 .YKO:

pmelbMADDOX.PO
lao buyt MMAIBOX b

=.COUN .INURb

pisWW" DIICARDALL b
be&

PUT DIX 1;

ml DWCARDDAU4

be&
CONTD411 INDDE):- MESSAM0
PUT1 gamX:- MM.DIDE ml SIZ + 1:
COUTw: :COUNT + 1;

noy GTmESAOE: so MEsSAOEJTYPE) ubin COUNT > 0 b

b&MESSAGE: CONTENTS(GFUNDEX);
GET Dm .- OETJINDME ml SIUE + 1:

ml MARBOX
ml MAaBOXMCW-

uI& TFXF-PO MAflEOX)I(0

t LINE b

LENMT: NATURAL:- 0;
DATA; STRIAU);

@ -p LANE BUFFER PIG h
MR-win~oXjlKG(MESSAETYfl LINE);

WIE..DUFFER: LINEBUFFER PKO.MAILBOXsmZ -> 20X

tmkPRODUCER;
tobly PRODUCER b

TEXI -O.GET-LINE(LDATA. LLENOTH);

ad PRODYUR

tokdcatuUMER b

L- LDM- C: NAIURA

Lam H.UFFEE.GET();
iTgXfIOPUT UWIE6ATA(I.LLMOTH
C:- LD4E..EiFERX4RWI(L)
V C>tf LIENFFE/ 2 *m

mMo
mlhsu

alcomftU

3



Leamr Va

lbst DhbI-m ow ssxmhx

PPM*MJO - I4CTK

ouwl IWbDl1Oblft i

am5?HIoIoI'm~
ftq ymbDth D

ml I1WU

P. uiq(IDtdOm

M& LilT. RjQffIflk
USVE LDM: tol 10-OW,
flMES EATEN: DiTAOER .

bo l1MIJl4'LWJ Is

EA
F(RXoM)J'Fr-DoWN; F(LE'nT)JVT..OWN*-
TWESYATMN TIMUES.EAT04 + 1;

*t bady FORK b

WA FFKU -MW.oN

bftb~
mihex~bPM9Wdb4

tLaOSOW Conaim =d JmiPIO~m Cmumm~im

0oftm Cho&mI ad wo

(5 -" ms --I a oy ~ S W s.

0Aw agt~miliuUbp a codnj oo Og>=
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LACOMa Four

0 his =my dday *weft cendwo. vuiub

sy pooss m dproos~m earn Mile .sawuiy
.wifible dam. , s - ulowimeaf atvahi

imfmi - dm"~m mbods

eswa

P,- -

Cam Ipumeed da isb mob. ~m 1.siW wub~

b~m nolam =mind andwi
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Lectin Four

MOtMflO MONITOW MR~hl

0J ** j7 * ueosis bbwhmd a msvr~

I PM- "s 0 haJence

rigaf 4.& CesadhlmvmhM. quouss

MONMTR KMR ILMFIlZTON

Painee~ee Use9hal oss eORAW1

Whoawtl befboe ae theNA isI A peration

C~signaled proem: tramfr t signlle proem fromn th condition varia~e queu on whtich itsi wailing to, the head otde
queue ofproce.. waiting to etafer the monito

Q) Path Expressions

DMessage Passing Medianissia
()Aaslaofroicas

0) Racerving Mron "2YWm
0! Rmqias ad reply primiis

(D -~ peasnp.ps mddm

SMaMag forwarding

(D Linda abstracion

Scheduing ConceWs

dffougyW 0 amonot ofwark accoqilidhed in ea Smtie inteval
ao is, ythe m 0 job queue (on mas stcrap awating allocation ofmam memory) U eater de, main moey o
teedy yaMfe 0 rnnming'8) toqus of IA U device queu
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Lctur Four

Umapum" (sequenthd) ezesatlon

p

CPUI I I CPU I p I CPL I p I "p tl l~pu ICP

0 Ib a id 0 1 idl I I

p0

p1

cpuI I c,, 1 lcii lI l I 1uD laI
p0 pI p pI(WpI p p0

* I 0 I S l S

igure 4AS Benefits of Oe par d execwtiesm

Job queue w on the moa storae deic
Chooses a snall subact ofjobs submitted u ktha6minto the systmcreate I III

psin o p p 1a p p

Aeuires nft CXWO au fwen8
ontro t hel tsIJwrosrumg ( sfw snu Me dcetion and ddcsu)

PSelldcr extorted qar ue o ecnar queue.
Requirtants: improve the poem mix

"mo ' chdage of memory requimnmSlont-term schedule (CPU sdduler)
CPU houlea m s arageady queue
Whm CPU scheduling takes places?

rnnmingsta 0 waingstaeExc onr requst dt for tniukion of the sild proed-pmcc is blocked 0 amxIOhr should be Uleced
0nmn datemm o t m d

Ex inerl (tineut._)ereer OS ,e &A" rm...) fmi.h thirjo 0 anothr Prcess *ouy the posw)

should be selocWx for execuion

w ason chMany Oftmns aiu

Ex omoeion o(V0

P onsm of h-a scheuolf C(P execution d Ite wrt

.Cdoe a e fone fes ready queue

read IO (anmor qe.wi)o emntino h hl rw

roP ot s s bmlPcd: U" whe am for how onIg?
0 nam ae 0 r vary te • m be ry fad

statistic ian C(U-intm otbin.t cycle my b iaoltamth r olecess a ,sblly he s

triger- cmp f pstae Oectoatiom a very lroge nurnbw otfvar shor CKPU.nm
Scsmn ulon. eerdve schedulion

0 namingunnng tcwain gs$e0 I/O-boundIproo

Puutiommlioy

1.Chos pocssfr xeuio i. edyquu



Loctur Four

eveshead a wasir. sumple. soy toisaK my be reri fdedimed
ssu*m (ex database sywen.) who e pramI hbow Meg Cha wiA
run

anawm rimmin to ready se (hiurnqi tmi sdce)
wad" tos ready dalle (cmpheat Iof 0)

ciumsances may be changd and aggireprisie dulls -- s
OOLAt sw.itch

uavuidb le odiu old pocs

camosgewisda tins.0 pwre ovubhmad) dquad an

nmbeihr ofrinm

Wawa" supw

phmialyiemmIea 100Imamia/a a eiu

rbivitp'indsoaehdp

rocbntseri mods

Comparison akserpf oato s auttm r,

Cacu selelion defned according to die relatve inqioulance ofthms sammmiv.
aciu utilizaton (% oftime when CPU is busy) W~d
GIVOUgpAt (mnbur afproca per Um unit)

;hursit

CPU tinsm
0 a 2 3.5 4 4.345
CrU utliztion - W % throughput =*

h urul. 1eih -0 1

Pc urf I Imu

a as 3. 4434"5 5S.114 9
CIPU utliation - a % throughput - 0.3

Ourmarcund tur (tis atof ocadm - this olsmails)
Owivatimm this 1 rady qjua)

ma. spo imse (this gfr req;, - time ofwimic)

optimize the min m x v~alue r me averap

optimnize aveaw =,mes

Iinze vaiace

(D) fairness (make mure eadi proces Via its fair share cutbe CPU)
"Any scadafthin algaia that favors sceme clas *(jobe hurts andier clan nols.4.



Lsctum Four

KIobvod* L: "Qumiog Syme VoL L Jots Wihy 1974
Evsklia

e~w 4)i~i pevahafrddd akom

-yW walo
-udo -woun (wmk -dl

0! mmm igob6AM ofIR md CPU bwo

M mvice mm
0D $kjmfmi (popang a m oel OMWs "mauimm)

dco* - viAb
Sdo*k voJm iawoa 0 "yi Me ag led to rd to~ adivili edde devious dw

w~ub mimimii iirat (kb evab baaaf to toe pmohbility &*&Wooai) ar *am

(D wlemmatiam
Awn atT ] real Aita f CPU dilizaian takimg iii. MaOWi time for06 hainvom



L=t Five

Textbook

Ahrawm Silbaicba Jams L Pg.amm Pa 8. Osav
'OpwratiSyiau Cm~wp. Adiaon.Wmsy, third rditm MI9. Put 2. amapl 4(4.4. 4.7), Cag 6(6.1.6.3)

Reference

0~ An&"w & Tuimhuu
*Modem Opwraing Siau. Fuiie-HaAl 19M Pan 1. amvW 2 (2-4), Camp 6 (6.1-.6.2)

VCmamwMa Swm . An hWOais AWrOS~& tO Opwaim Syiinu.. Dtabue, sd DMMribWd S~um~ Addmm.Wusy, 199.
auiw 6 (6.6 -6.1),ampw( 16 (16.1 -1&.3)

0D To ermb= mam oiho aiding scadaahzin sam
CDTo prmW dMfeet evauib tadmu
O Toidr mwcstscafoeoddlock

content

o Sedliug and Diqsd& (2 homn)
0! Selamilia Avidm ad Their Evluatio

O Deadodks (I hour)
(D) Syste Modelling
0 DaiIlock Qradisatwn



LeCtur Five

Schedulin Algorthms and Their Evaluatio

0rVA.Ca rwa.8avad (FCFU)
F"f qm

Q0 hcmnoa reed pomb H& Iam o to tdewU read yasi
0 CPU il afloem to 6Bpocm at Un head amh ready yWAs

AvuruUwakbgrn~ eb ke
co"~. eod Ex = CFUbouad Voem ed umW VD).bad Irm.

0 poewt vameg "A CpuI*"
(Dt-FCF

0 dw eu oM aft dm)

figur U. SW - Optima Akoith

(DProbkm
How cm CPU know don lono o(aft CPLI-b" iiuval?

0 Eavew ap:* G~ +(I.8 r)*, O@Oa 0i

0 - 112, equaly dindWiaa
a - 1. recat hiaey pevalb

Q0 Eq~mned fommia

#0-ceolan or ovea uma awuap

Cpu4mti. CM4~g CUbuiS kf tMW MM*~ CMrt~ nOWAtg POeN=

(DExwrsyl
tm SJI..SCHEDULERbt

coft ADOQODB:ID. T:DUURATWON
tuft OETJOB: ad ID)

- ram doe ma~job to be enewid and deli. it
-i VF SCHEDULER

tok body SO F)CHEDULER b

iEROD.DUILATION;

ap ADID.K39:ID T.DURAMlN) do
I:- MO
PERIOD:- T;

iddADD,
INSERT(I. FEIOD);

or

2



LActm Fiw

ulss ow ofry 0
weep OE1OIL: s- ID) do

SMALLEST(OS)X
mi GET.

mi SWNSCHEDULE34

proeum. Da8ERTQOS TJXJRATIOU)
- %uuo od itT is waUmdKbwtbw

prade SMAUEUT(0B. ad ID)

- SMALLESa* udy.dmlid is ad am

0 Prim*it

I -r. uw~ aaim pis*ek
Otig -Fm

0D Amartqdm low muabw * NO ipindt

(Dtim timfft

0 avmw iiO-un~aversp CPU-bw
0 de&ud ciawnay

0D inzacsaantofdiepFocu
0 te and mawt of flm be"n pai for conpiAr us.
0 polcal and cdhfdm

0Problem
findehtebladkn(dadr) -omdy.irem ctitiy;re~

Sohilan: ag- Uabaly mioa . piadlyofpms

0 Ty"gmpi

0RemnRobim (RR)

0! tins gqamm (104100 an) (timw sit t up Af am ntime *ium)
(Drm ue aa.oaw FFO
(b amp Waiting time. tn100
(D pmufmaics dmauihm edue oft ldu tin. qmWKKun vwy mlli quotam 0 procerabmf
(D roblem: Coat swiching,- soluion time qu= * 0 mte*.witch tine
0D Thu": pumti

0D multlvel Quam
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Ada Class Report
12 August 1993

STATEMENT OF THE PRBLM

Most Department of Defense (DoD) contractors currently use the Ada og n languag
primarily because DoD mandates its use. As shown by a recent article in Ada Letters' it i& used
extensively outside of the defense community:

Although Ada was originally designed to provide a single flexible
yet portable language for real-tim embedded systems to meet the
needs of the US DoD, its domain of application has expanded to
include many other areas, such as large-scale information systems,
distributed systems, scientific computation, and systems
programing. Furthermore, its user base has expanded to include
all major defense agencies of the Western world, the whole of the
aerospace community and increasingly many areas in civil and
private sectors such as telecommunications, process control and
monitoring systems. Indeed, the expansion in the civil sector is
such that civil applications now generate the dominant revenues of
many vendors.

But too few commercial developers use Ada to make it one of the most popular languages. Part
of the reason for ths is that new graduates do not come with a knowledge of Ada. Commercial
employers who might be considered prime candidates to use Ada are thus faced with additional
training time and costs. Worse yet, few in commercial organizations are familiar with the benefits
of using Ada. Even safety-critical applications that need Ada the most are often developed by
practitioners untrained in software engineering principles:

The mistakes that were made are not unique to this manufacturer
but are, unfortunately, fairly common in other safety-critical
systems. As Frank Houston of the US Food and Drug Administration
(FDA) said, *A significant amount of software for life-critical
systems comes from small firms, especially in the medical device
industry; firms that fit the profile of those resistant to or
uninformed of the principles of either system safety or software
engineering..3

Furthermore, these problems are not limited to the medical
industry. It is still a common belief that any good engineer can
buil6 software, regardless of whether he or she is trained in
state-of-the-art software engineering procedures.

HT teaches many foreign-born students in the Computer Science (CS) Department. Because it is
more difficult for foreign-born students to obtain a security clearance, very few obtain jobs with
firms doing primarily DoD software development. Therefore, the Ada mandate means little or
nothing to these students.



APPROACH TO A SOLU

To attract foreign-born students to an Ada class, UT emphasizes the benefits of using Ada for
typical application areas. One such area is safety-critical software. liT offered a CS 495 course in
the summer 1993 term called, "Safety-Critical Software Engineering With Ada. The
announcement in Attachment A described some of the benefits of using modem software
engineering approachesincluding the use of Ada__to this application area.

The course instructor, Fred Francl, surveyed the class at the start of the first class. Attachment B
presents the results of this survey of what each student hoped to get out of this class. This survey
shows that all but one of the students surveyed mentioned Ada as the major attraction of this
course. This was somewhat surprising because the course announcement (Attachment A) listed
Object-Oriented (00) techniques as one of the course features. Despite the current popularity of
00 techniques, only two students in the survey listed them as a course priority.

The two-credit course covered the first edition of Software Engineering With Ada by Grady
Booch. Attachment C shows how each chapter was weighted. The course introduced the Ada
features most widely used in DoD projects, offered industry experience with these features,
starting in the early eighties and including current experiences. These examples showed how these
Ada features helped to integrate modern software engineering principles into the product.

Attachment D presents some of the viewgraphs developed for this course. They were designed to
emphasize the advantages of the Ada features being taught. Where appropriate, Ada features were
directly compared to features of other popular languages.

The strategy in presenting virtually all Ada features was to give the students the sense that Ada is
a general-purpose language. The instructor reinforced this by using Ada in class problems and
homework problems to implement solutions to diverse applications. The course also highlighted
the improvements offered by Ada 9X in writing asynchronous tasks and in supporting
object-oriented design. The instructor included coding examples to help make Ada 9X features
seem more real to the students.

The tests stressed the Ada language features that bore directly on the needs of safety-critical
software engineering. The midterm and final exams, which expresses this emphasis, are included
in Attachments E and F, respectively.

To obtain a larger enrollment, UT offered this course over a closed-circuit TV network (ITV).
This allowed UT to tape the course in VHS format. ]IT is delivering this tape as part of the Final
Report material.



RESULTS AND CONCLUSIONS

At the end of the Final Exam, the instructor asked if anyone felt his or her goals in taking the
course were NOT met. Nobody responded, suggesting that the goals had been met reasonably
well. Several students volunteered after class that they had really enjoyed this course_despite the
work involved in covering so much material so quickly.

All indications are that the course did give the students a good sense of the benefits of using Ada
in safety-critical applications. The payoff will come when they join industry software groups and
spread the Ada message to their colleagues.

FOLLOW-UP PLANS

1. UT has scheduled this course to be given again in the Spring semester. UT will make another
video tape, with the idea that the second offering of a new course usually goes more
smoothly than the first.

2. iT is offering other courses using Ada, such as an Operatiag Systems course. This is possible
now that a course that actually teaches the language is available in the curriculum. Ada is the
teaching language of choice for these courses because of its power and expressiveness.

3. UT plans to disseminate the improved video tape of this course to instructors at other
colleges and universities who are in the process of developing a similar course.

4. lIT plans to purchase several copies of Ada compilers and Ada tutorials that can be run by
individual students on PCs. This will allow students in courses that use Ada to learn or
relearn it at their own pace.

REFERENCES

1. John Barnes, "Introducing Ada 9X," ACMAda Letters, Nov/Dec 1993

2. Levenson & Turner, "An Investigation of Therac-25 Accidents," Computer, July 1993.

3. F. Houston, "What Do the Simple Folk Do?: Software Safety in the Cottage Industry," IEEE
Computers in Medicine Conf., 1985.
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CS 495 SAFETY-CRITICAL SOFTWARE ENGINEERIU Wrrl ADA

Who should enroll? Software students and practitioners with at least one year of programming
expeience.

In this course you will learn to:

* Use Ada, the language being adopted world-wide to implement the most difficult software
systems.

* Use Ada programming features that help NASA, the FAA and the military develop software
for systems that can't afford surprise behavior.

* Use Ada programming features that help one of the world's largest telephone companies to
develop systems that work better and cost less.

* Avoid the three technical problems facing new Ada users.

* Use Ada 9X with Object Oriented Analysis and Design methods.

* Double your personal programming productivity and then double it again with more
practice.

* Understand how to change your approach when you are a member of a very large software

engineering team.

When: lIT Summer Session, Fridays, 3:10 to 6:50 PM.

Where: Rice Campus. Also on TV for other locations.

Credit: Two credit hours. (Discuss with contacts listed below.)

Text: Grady Booch, Software Engineering With Ada

Instr: Fred Francl managed real-time, mission-critical software engineering development for over
fifteen years. He led several government studies on the effectiveness of Ada for
this type of software development. He served for three years as a Distinguished
Reviewer for an Ada Joint Program Office team. Mr. Francl led the Real-Tune
Session of a national Ada conference. He currently consults with the Federal
Aviation Administration on Ada issues that arise in the modernization of the U.S.
Enroute Navigation System. He chairs the Chicago Chapter of the ACM Special
Interest Group on Ada (SIGAda).

ATrACHMENT A



contacts: Dr. Tzilia Eirad (312)567-5142 CSELRAD@nll.aCC.it.edu
Mr. Fred Franci (708)627-8098 ffranc1@jpo.se.cm.edu

ATTACHMENT A



ATTACHMENT B

ADA CLASS SURVEY RESULTS



"P 1

___ Ada

2 Ada
3 How Ada fits appfications, how it supports 00
4 Real-time 00 and Software Engiwnern principles
5 Ada
6 Ada and Software Engineefing principles
7 Applying Ada to real-world problem
8 Ada knowledge
9 Ada knowledge
10 Relearn Ada Qearned from amual 10 years ago)

II Ada

ATFrACHMNT B



ATTACHMENT C

TEXT CHAPTER WEIGHTING



A .nlue letr m.era no .n book..

2 A Includes lecture material not in book

3 F_ _ _ _ _ _ _ _ _ _ __

4 A -Especially 6-step Booch 00 method
5 A _ _ _ _ _ _ _ _ _ _

6 C _ _ _ _ _ _ _ _ _ _ _

71 D _ _ _ _ _ _ _ _ _ _

8 B _ _ _ _ _ _ _ _ _ _ _

9 D _ _ _ _ _ _ _ _ _ _

10 C ______________________
III C__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

121 D _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

131 A _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

141 C Skip 14.2, 14.3

151 D__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

161 B Be able to write task specs to read task bodies

171 B Skip 17.2, 17.3

181 D__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

191 C Skip 19.3

201 B _______________________

21 D__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

22 F To be covered after FunalExam

23 F To be covered after Final Exam

241 F ITo becovered after Final Exam

A =Almost sure to be important in the final exam

F =Definitely not exam material. For amiliarization only.

ATTACEMU.NT C



ATTACHMENT D

SAMPLE VIEW GRAPHS



ATTACHMENT 9

MID-TERM EXAM



2 Ji.i2.aMid-term Exam . . Page 1 of 2

Please take this exam with a closed textbook and with a one hour time limit. When complete, give
to the proctor and leave the classroom. Please return one hour after the test start time.

Record your answers on a sheet of your own paper with your name, "CS495 Mid-Term Exam"
and today's date at the top of the page. If multiple pages are used, put your name and the page
number at the top of each sheet.

PROBLEM TOSOV

Use the Booch Object-Oriented (00) Development Method to specify an Ada software
simulation of an automobile cruise control system. Assume it is to be run by a user called the
dr&Iver_who accesses each of the driver controls through the terminal and keyboard.

PROBLEM APPROACH TO USE
The first step in the Booch 00 Development Method, Define the Problem, is provided on the
following page. The final step, Implement Each Object, is not required. Doing the final step__or
some parts of itearns extra credit, but only if done well.

For each step in the Booch 00 Development Method, enter and explain the results of your
analysis on your test paper. For example, if a Booch 00 Development Method step requires you
to identify certain kinds of items, list the items on your test paper and explain your reason for
choosing them.

Any code or pseudo-code produced should follow the Ada syntax rules as much as possible, but
no points will be deducted for syntax errors. Please use comments to assure that your Ada code
will be understandable even if the syntax is wrong.

Your solution will be graded on:
METHOD (How well the Booch 00 Development Method is followed)
COMPLETENESS (Including any exceptions needed for safety)
CORRECTNESS (With respect to the statement of the problem)
SIMPLICITY (No complexity not required by the problem)
READABILITY (Of Ada code or Ada pseudo-code produced)



2 J Mid-term Exam Page 2 of 2

STEP 1: DEFINE THE PROBLEM
A real automobile cruise control system maintains the speed set by the operator (driwr) by
pressing the accelerator when going up hills and releasing it when going down hills. This cruise
control system shall be an abstraction or simulation of a real ont

The compiler shall supply the package Clock, which may be imported:

package Clock is
type TimeType is private;
function CWrent Thme

retrin T ype; -current clock time to the nearest msec
function Add_ ]Second

(CurentTime: in Tumeype)
return Time Type; -adds one second to Currenttime

function Ther.rpired
(CurrentTime: in Tuqe Type
TimerSetTime: in TimeType)

return Boolean; --True if CurrentTime > Timer SetTime
private

type TimeType is range 0..Long_IntegerLast;
end Clock;

The driver shall control the simulation with the following inputs:

I. ON shall display the current speed, randomly change speed each second by a small amount,
and respond to all keys described below if the current state is OFF. Otherwise it shall do
nothing.

2. OFF shall stop displaying the current speed, ignore all keys except the ON key, and erase
any set speeds from memory if the current state is ON. Otherwise it shall do nothing.

3. ACCELERATE shall increase speed at a constant rate each second while its key is
depressed. When its key is released the current speed shall be stored in memory as the
set speed. This speed shall then remain constant.

4. COAST shall decrease speed at a constant rate each second whie its key is depressed. When
its key is released the current speed shall be stored in memory as the set speed This
speed shall then remain constant.

5. BRAKE shall decrease speed at a constant rate ten times that of the COAST key each
second while its key is depressed. When its key is released the current speed shall be
randomly changed by a small amount each second. The set speed (if ACCEEP TE or
COAST had previously stored it) shall remain in memory.

6. RESUME shall accelerate at the same rate as the ACCELFZTE key or decelerate at the
same rate as the COAST key until the set speed is reached. This speed shall then remain
constant.



ATTACHMENT F

FINAL EXAM



Name:

(USE BACK OF PAPER IF YOU NEED MORE ROOM TO ANSWER ANY
QUESTION)

1. Assume each member of our class is to write a 100 page paper. If there are no misspellings,
grammatical mistakes, or factual errors in my of the papers, then assume each member of the
class gets $100,000. But if there is even one error in AMy of the papers, assume each member
of the class will be killed.

a. What things would you suggest doing or what things would you suggest obtaining to
improve the chances for success?

b. What things would you suggest doing or obtaining if each person had to write an
error-free 10,000 lines of code portion of a software program instead of a 100 page
paper?

c. Assume there is a time limit of two years to finish the class software project. Further
assume that the class has the usual distribution of software engineering productivity, and
that the best in the class is ten times as productive as the worst in the class. What would
you suggest doing to speed up the project to minimize the chances of being late without
introducing fatal errorsliterally__into the code?



2. Ada has been called a "large" language. Compared to Pascal it has many more built-in
features, supporting such things as data abstractioconcurrent proces agid mai , vel
operations (such as being able to load a register at a specific address with a specific
hexadecimal value.)

a. When would it be an advantage to use alarge language like Ada with these capabilities?

b. When would you be better off with a smaller language like Pascal?

3. Assume you work for a company that has standardized on the use of a single language for all
its projects. This happens because companies often expect this standardization will make it
easier to transfer engineers among projects and to reuse code.

a. What are the added advantages if that single language is Ada?

b. It is possible to write Ada-like code in another language, but the compiler will not
enforce things like visibility rules. What are the advantages of designing as if you could
use Ada and then enforcing needed rulessuch as object scope and visiility.ourself?



4. Assume you work for a company that has standardized on a single design method, Ti..
happens because companies often expect this standardization will reduce expenditures for
method support tools and/or method training courses.

a. What are the added advantages if that single design method is Object-Oriented
Development?

b. What is the fastest-growing development method today?

S. A "hacker" can be defined as someone who designs software as quickly as possible, who
loves to include optimizations, and who thinks a program is good enough if it "works"
for his tests.

a. What is your definition of a software engineer?

b. When does a good software engineer add optimizations to the code?

c. In a large, complex software project, we have learned in this course that Quaity if free.
It is lack of qaality that costs money. Explain why this is true.



6. The first step in the Booch Object-Oriented (00) Deveopw method is to define the
problem.

a. How do you use the problem definition to identify the objects?

b. How do you use the problem definition to identify the operations on each object?

c. How do you represent operations using Ada?

d. What kind of a diagram is suitable to establish the visibility of each object?

e. Which Ada language construct is especially suited to establishing the interface for each
object?

f Which Ada language construct is especially suited to implementing each object?

..... . ..



7. Ada is better than many traditional languages that were designed to support only procedural
abstractions (such as could be gotten from a traditional flow chart.) Ada is designed to
support data abstractions as well as procedural abstractions.

a. What Ada language construct do you use to express a data abstraction?

b. if only certain operations make sense to be used with this abstraction, how do you show
this in Ada?

c. If the data abstraction has internal states (for example, is the German Shepherd object
asleep or awake?) that must be considered to solve the problem, how do you show this
in Ada?

d. What is an encpsuated type?

e. How is an encapsulated type shown in Ada?

f What is a type attribute?

g. If a data abstraction occurs for a number of different types of object (such as a queue
that can accept integers, real numbers, character strings, etc.), what Ada language
construct do you use to avoid rewriting the abstraction for each type of object?



8. Older, traditional languages need to use data dictionaries and set/use tables (which show
everywhere a variable value is set or used) to keep track of variables.

a. What features in Adaif used properly_make data dictionaries unnecessary?

b. Certain variables are only used to indicate that abnormal processing must be done, or
tat an error condition has arisen. What special type does Ada assign to these variables?

9. Tasks are used to express concurrent action in Ada. They operate synchronously using a
mechanism called the rendezvous.

a. What information about a task can you find in the task specification?

b. How does an operating system decide which task should run?

c. How do you show aspihronous concurrent action (for example, a mailbox) using Ada
tasks?


